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i m$zm i ] mmcommiz .try? as^ss. mm 

&Tf)t~J'*yh$:&&LX2HktfVVJ* (GaN)M 
Hx e ? * i£MT'& o T , 

ivt&mmr&T'jxwHirtt'). io 
Mefi5cgM^^t'-Aco5t^^M-r-g.^< friers 

finest*- assur* v^$j5£^*> ^ ot^m o# 

Me$«J^^\ Mat *c J: SMfcttSSfcfflffll-*-* 
£ fc fc: J: 9 4H=- t'-A« fcffiHJr*-* -I t £#M 20 

mxm i tciBa<^^«x e**^-£B. 
[ftaas 3 ] ndie^ f - Ass«-t in 

im&m4 ] inE^*u ? a^tc***, ->a < g 

a) . T^S-^A (A 1 ) m*4W*?J* (In)?) 
0. 

A ( M g ) ( Z n ) , ^H5»>A(Cd) &t*>J< 

IB (Hg) £7)d^^v^ix*\ atfclinMK-^hi: 
LTOi^ft (Si). Y)V?-*jJ* (Ge),M 
(C),i(Sn),tl/y(Se) at/-r/^ ( T 
e ) CO 0 1b<ri\,^-Ttlfrfrt>% 0 s 

mmmK t7?>(7> ss(si) , m<k#v ^a 

( G a A s ) . BMiagffi (ZnO) s KftS* (S i 
C ) Rimfc^f A (MgO) £9o vf *l*> 

£ £ i: twafc i-siw&H i Jbmn 3 \,vr 

[00 0 1] 

( G a N ) ^L^^*xtf ^^-wW&ftfcJfcHS 
&. 

[0002] 

< fBE^W * - T* (LED) W¥fl5l"— F ( L 50 
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d ) ) mmt lx&< mhtixts >o , 

t\ #MSTiiMBE£tfa-r) ifi-mfuzm^tt 

[0003] 0I.U.ifMOCVDS:fc:J:Sp3J» 
H B H C0^jS^ t LT . A (Mg) & plffi 

&miiim&ZtLX^& (JSEfflW. 199 1^ 2J3 
^6 0i, P 1 6 3#gg) *^F«HSIt<0S&«ii 
OTJ:D0. 3/im-0. 5//m^££T'am£-C£> 
0. J5JK«pg!*£l§S£fc»iffl»rra-3fc 0 M 

OCVD&X-CD&LWM-m'Olzm.t o r r— ^JBE 

[0004] MOCVDjfefc:«fc*^IS»^fth. 
tzm\L*f V V A^Wfe LED tf^Sf Jt^Tffi*«|f BB¥ 5-6 
3 2 3 6 $ tlX ^ S . i iXteS J£±fc G a 

A 1 N^S'<y 7tM^ PlffiMK-^UcGaAlN 
JB, nM»K-/l!tGaA 1 NJg£jl[gtf31Jf L 
fcflBlfc"ri.^fcfc:J: DOT^^PlGaA l nco 

n^jsajg^wpMi-riB^FiSBa 

Sry*-7 (NHa) ift^Sf^^. ^lBK*«l o 

H3*&mtL* ***** 9 srssawjes t * h . 

[0005] -^r. ffiia-cs&5fs^< n h 3 *iMB-r&^r 

^i:LT. ECRSBBMOCVDfe**K»ii,2h. s 5 50 

m-cMffiikim htirc t nn&tffo h ( jt£ , 1 9 s 7 
^3#. H3 0^. P 1 1 6 ) mmmimmy 

[0006] JD^.T. MOCVDSTWliMi: LT 

i> mm l% v *i#H-c& ^ ** . n - h ^tix 

*mMK\zmmittz>w&tffo*). mit£. pizh 
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fir^P 129) „ 

[0007]i^t, MOCVD^HllS^^ 

mk^t ^ 3 -«wffijjs*qrr & tfDfios^bfiry ^a 

[00 08]-^ MBE^i^^b^fU^Am^ 

W<^xfcr^^;t^fefi^tlW»^'C*iO. moc 

[0 0 0 9] Wi.tf s J.Vac.Sci.Technol.,A7 p701(198 
9>t:»i. 2. 4 5GHz»7>f?Diffir5XVMCJ: 

sflrJEE^aEBBjb** 1 ? < 1 O-it or r~l 0- 8 t or 20 

t&%3frJCtZii^~C t> 5 X 10- 5 torr-5XlO" 5 t 
orrm iW±ilTOMBEjS^lBrC9-?-*t«J:"9*» 
ft 1 IfrffiV **£J£T* S.MBE &<^!l^— 0(C«^ 
»fcJ:*Jfcg4»«>*tftf§ ( i n-s itu)8» (Mi 
(S\ «7*fcEI*f (RHEED) . LEED, ^-y'xl 

^jr* (aes) ) umfbtihtf. nTMcogfemft 

[0 0 10] ±fz, J.Vac.Sci.Technol.,B8 p316(1990) 
E c RISC j; ^r^XvJStfCiSML^^ 

«fc*Uf. 1 X 1 0" 4 t o r r — 1 X 1 0~ 5 t o r r ) & 

[0011] fttdi\ ±xtiOj5(j^I^K;C> , 13. 5 M 

O-Ms&fiRfBBT 5-7471 0#^f8KBH^SiiT ^ 
!><> i^ti:ntfv>f^n«*fiJfflL3t*&i:JtRLr 

(ffllZ-H ', Oxford Applied R. esea 
{i'2xl0-Hor r ^>J&g0*lBiS$*lX*i 0 . _tf 2 50 
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[0012] y^x^Mt—mm^ mmm. mwm 

ftWJXvtmizX i3ii§tt<fLLfcS*£MBEj&gS 

htz&>cr>* y?4Xk. ?°y x-?m$mt , tfxm&m 

vjwokitfm^h tzmz^^^mm^mwm 
£.m&tht&>\z\^ mmmnx* ixio-'torr- 

1 X 1 0-3 t o r rg«tf>flyj£*#U **0*S,&j££ 
SfflJT«iKTt> 5 X 1 0-5 t o r r J3li:*>*£«£#T 

6 J; o , #*S5S, w?4 xmm. #>7°%mmm 

[ 0 0 1 3 ] £ z\X\ ±iBS1±S*M££< -t&^<& 

*v y 4 xmum&±* <-tzt. msMt 
mm) *m&-t&fzibizmM*)UbmMtcD$mt*i& 

(Miff 3 4 ^*MKiS,Si£^-fcJfc&;& 

wmm<wm*£mb'th . MifcramPr- 5-74 

7 1 0-^«tcJi. *§ftJfclU£OSt3 i K£ 2X10-H 
o r r . ifxffi&t: 5 c c/m i ru SStfc ■feyP^ y 
7 4Xb<r>WMZ5 cm. ffiB8aai*^3 0 OWfc tfc 

*»W=J&BSfitf>JEfjP (torr)t «S^J£^^ 

^f-hPfc:i3JtS^S«SJKS ( l/sec) b, m.^m 

^Wil&/fXiQ ( c c/m i n ) fc^RIfllii. 
P=0. 0 1 27XQ/S 

x*$>%>o z. mz j; o ±ie^fr *i»j£-r s #fsua« s t± . 

317501 /sec i:it^$fL?»o tfz. mWLb*)V 

b&mMfr^mmm%mmy-j xi&ckxt* 1 -r 

[ooi4] jaiT. mzmmb Lxmikmmzm^z 
l J: 3 1 -r* b , mtt&ggsm&frb mm 

iZl 0-7 t or rfeLhOltSJKt^t-r*. 
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[00 15] 

* a wii . stotf u ^ a^c-^i^x b° * ^ ^ * 

fcJ&gS-tffcfcibt;:. M^*0B ( 1 x 1 0-7 t o r r 

£Lt) TmmmcDy7X-?zmL-t& z t . bp io 
#y 7^x^p^^^< lxmxo? ^xmntm 

[00 16] 

itijf, ^Rco^ffitz. fiv^&mtm. rnm&w- 

A"yh«lt»^A ( G a N ) 

t=t£tf^£^bW^j£-by^. mia^t'-^ 

[00 17] 

tZ^OiKJE { lO-'-lO-Horrgl) tf)*0»'C& 
-j'Ttfi^KJBSft^- ( 5W-3 0 0W) Trf7'7 

0. 1 c c/m i n, ^ h;WM7 6 3 nmi: Lt 

mco^^mtiztfz^v^yy^x^mm^t r f 
y°?xvmm-bfi'b~emfflw* r 7-izfti-&y°7x-?%(. 

[0018] £fz. ^fc'-AS&ffi^M^L, K-tfV 
[00 19] 

immn elt. ffi*nmmi£ft*>x*mfrismm so 
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[0020] miitxmiimmzttfzto&Axvfi* 

i—HS (MBEUM) ^«pmj££^«3£W»M 

(GaN) <Wt^#^;kift^$iJ:. K-^V 
bkLXvSlzsVJ* (Ms) ^SAUTp^SS^^# 

[0 02 1] 1 50 0 1/rai ntftftStffcfc 
-5K^5K>r*^«r6i6aga;^S^B2K:J: 0 1 0 

-7-1 o-9 1 o r rn&<mrn&*mtme&m&s&M: 
m i mz\±*)uy 3 iz x 9 mot^t^i & & ± a 

mm. w%mizMw&±mizi±mma?mcD\i-? 5 

nwmme ^^m^mm.^^zb^zx^mm^m 
mmzwm/WAi u# & j: a t& o x \ * & . 

[0022] ttltj£££ 1 coT8Pfc:^t&3S«EB t «Wa 

— (tifs ^jtii^tjK-fc^fcB&ia-rs) 

7. 8**ifttt6fm*4. £*l£K-fe/P7« 8«±. 
BClWrCBHP«5'Oi3r7a. 8 a t ^tL<b^o{3;'7 
a, 8a*Jlfi!ft-r&/;«>C0b-^7b N 8bfc5r^LT 
V^S. «-K*;l/7, 8^PgP^ii±fS^^f 
+ 7^6i nW.mmk^^ >y?9^ l 0 ^-K-b 
;P7, 80^PS:^oOTt. BBPSra^v^fitSfctfO 

t&frbmk*1t&Zb1iZi*)-ffimtZ&&-r>&7 a. 8 

r mtt& £?iz%~>x^&. 

[0023] -If , «■ K -fe;U 7 . 8 fc t4J8 UtrtefijR^ 
1 «0T8Pfci»ltSS«B fc«ta*tifirr&ffi{Et=«7-9 

Xv^H®-b;H^a 1 l*i|g(t^ixTV%^„ H2tz^< 

Jo'Srft^riSfflFK^-^y^'l 2fc s i^-y^l2 
<^J£SI5CBBPL. M»14. S1®J«I1 
«BE#1 6*^LTS*jKy^l 8tz=|fi!5tl^gS^' 
x««|ftp 1 3 , <g3& 1 4 SJUfi J: o \z>r~isy 
7\ 2<w&mzsmt>tifzffiV:cDmGl 7t. *r-isy 

?\ 2w\.®iz%mzti. oizwmz 
tifzmmm^Jfri 9 tzmmi- txyx^mm^fr 
y-isyyi 2<rmuiiz\zc\i\*nh*V7 < 
xi 2aifim^htix^h. ttz. T-i/yyi 2<?m 
Dizi±±my^r >y?k mnfti'v <? ? 1 1 a tmvhti 

[0024] mski&&m 1 Mft-i,«M 
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^ t'-A#m^saa*sfi'!>M. hp^* y^-r »/ ? 6 
ap-^ia i izmi&ammMi&m&mt nmx&mzfrct 

Hi. #J«H2 2fc:««§*i'Ov&. zcoffl 

2 3. 2 4fciS«3*rOvg>. i^)iaJKi(Slfiltil!E2 3, 

2 4fi. 3-K-b/>7. 8*>*oSr7a s 8 aF*It3T#Jj&; 10 
^ft<9&fc*8B5£**fc*<9&«tt2 5 . 2 6&£A'# 
h-^7b, 8b<75ttSt§aE2 7, 2 8CSf«B$*L. 7 

=y 7 nt-^ 2 1 1 Jt 9»£3*tfc#^t*-ASfi£fc: 
Ji5 tT^J^g2 2 A\ ^mPti^® 2 3. 24 fcS^ 
i&K£J&^ttfcLTffl:frU .I^?£M«M2 3 . 2 
4*fcfrK-fe/l/7, 806^{3.*7 a. 8 a |*3iBJffi£J!&SE*f 
25. 2 6&totlSLoo#t-^7b s 8b£m 
Mg2 7, 2 8£fcoTfB*fcffl*W-6£fcfc.fc9* 
7 a . 8 a fliBJK, BP*>##^b*-A8?Jg£ 7 * 

[0025]^ «hfb£j|g 1 rt^MMiCfitf 
M2 9 tfSft^ft. llB^EJx^^yUHia 
t^tv^ t * J F«E2 9A»ibS«BKWCSg 

0#X«B£&,</CirFfi&2 9 fcfflR-T&fififcSW-fc 
[0026] OTt=^Ut««^l»S®fc:o^-riiW 

<&. ^Off7aWJ<)A (Ga) . SO(J8a 

tZ^f^isVA (Mg) Srg^U ^l®£x>yf-y^& 30 

JUS-b^B 1 2«i:Si 
Bfctf)ffiKli2 0 cmtft^. Sit. SMIll F*]£ 
j8KSS£8M&§SB2t::J:9ll£g|£LTl 0-?~l 0" 9 

tor rn&comn?mm-fz>» 

[ o o 2 7 ] mb * 9 o o-cmmzDmLxv 

izmm l^v--7)v? u --yy-ttimmzfc^it 

£*Sift<*)iftft#ffl±«. m^2 9^^^ 

«BfcfflftT^h'— A=H8StU RHEED^'J- 40 

*HJ-?:Ki:>3:r>fc*>gffiB Oi£K#rir#tt£ fitz t 
LXmtfLB<?>m&&t!i&m&&8e. < 6 0 Otgg) KT 
tfS. — ^T. #>-A"y^9. 10. llafcEHCfciS 
XTU "7^$: 9 5 0°C. v^*s^A£ 2 8 0°C£ 

[0028] -eu, mj£«plSI!Siaat*'f S^-v <y * 9 
5:ifflU77y^^-^2 l^JtOtfU^AcO^ 
b*- A*«£5&$-£ J: -5 £«!lftligB 2 2 . ftj£il!|%3£S 2 

3 Z«/«j|§i§§B 2 7 £ t o T flPJffll-*- & . ftt^-Y >y * 1 50 
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0JiiU7 7 7^xt-^2 Hz J: 

wt-AjHorrs i ^ C3&J&I&S2 2 . aj^iii 

§£M 2 4 attfttSSSB 2 8 £ *> oTHttti o 

L££> 7 5 2 1 fcfl^fc'-Aj&s 

n^r^iM 1 izmfh^ismmsmimizm^ 

i^r>y?9. lO^Cit, J3&j&fevP3gBl 1 

t,zxnfflmzmLZ-& ( 1 5 ow> % mmx** 0 . 0 

lcc/mi nCDSHlT^-S/^l 2rtt=SU«$tLfc 

ifcH^K-f&^s . fibj&fe/HSg 1 1 rto^ffii 8 . 5 

X10-«torrt^ ( iCCJiSBPei 7tZi4ffi« 

y?9. 10. Ha5:II,M(:yf7^ 

6 * BH^T Sttt B co&ffifcSffctf U ^ Acox tf* df *, * 
iVIfe^fc^^^fV^z^y^i/^^ZY-j^y 
hbLxmXLXpm&&&&&ZbifiT%i>. Z\<Dt 

z . mmizMms.^ 1 5 k v t Lxm^m 2 9 tcj: 0 

[0029] Z\<7>£ 3 fcLT»«$iTJt pMfeAf « 1 
x l o 19 c m-3^Y 

ti 3 -i y+mmx' 5%xh^tz. 
[0030] i$fm'V7-$ 5 w*$» t 

OTj&^i ^"T. 3 0 0W^^i.-|,fc^ H s H 4f(^#M^ 

fi$:0. 0 1 c c/m i njmiz-t&ktm&imtb 
Ztimmtt:*)* 0. 5cc/min^@i^i:MB 
E lt^«ICM(tl>0^^^^ £ 

[oo3i] m3i±*wntfmmztitim2cDmmmi,z 

0. mi^^Jt|iI^^^(ilRl-^^#t. 

[0032] ^SS^JT'Ji. 7 ? >v77^-<? 31.3 
2^'#K-b;W7 . 8CDW.±C0$£3ifc£;CDmif lz&t>&\^ 
fflUzWS&ZtlXm,. Sfcs 7777Xt-^3 Hi 
K-fe;P7^MJSCL. im;i^(tTggP^-6m?c^^'-3 
3t^I*?*l. ^075-y^xqE-^3 2{iK-fe;l/8CT 
JEU i*ltC[flItfCBBP-rSfir«*>'<-3 4ai*>*LT 

*^^^b'~A^^iaij^-r^it^f§-g>, h 

{3. #««^^-3 3.34 fctilfeflm 3 5 . 3 6*<$ 
i tilz X "9 ^^7^-3 3. 3 4£#ifH-£.I 
i: T'-ecDW^hMtc^ L)t«M^ fOT^ LX 7 

7 7m-^3K 320l»ftT§^l.;t 

[oo33]#777;xt-^3i. 32imicvm 
mmtmm^mmmw2 2i l zmm^ti. 7 7 >?x*- 

^31. 3 2CJ; Oill^^ii^^b'-A^JgtzjEEtT 
«i«^g2 2^. &KfHffi§HB2 3. 2 4fc:»ffiiaKS- 

t&^B a-c^L, i co-ummwmm 23. 24^ 
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2 6*t>oTj«|Loo#t-^7b, 8b^«i^ia 

2 7, 2 8£&^Tll*t;:$Wr&.r fctzj: 9, -So(3' 

7 a , 8 arti&fiL «I^#iHFt*-A5ftJKSr7 -f - F-^ 

[0034] OT»HSfeM^MM^o^ri^HH^ 

[ o o 3 5 1 acfc. Rf^fiBieifi»fc:i-r^-v -y * 9 , 

Tb'-AOSfegSriliJjgLTtftWA, ^r**s*7J*<Mt 
^t'-A#3c5irr & J: ? tz^JfflJ^K2 2 , SOTMS 
2 3. 2 4&tA'?li!^S2 7, 2 8 * i> . 
-^LT, JSfe&fe/l/33ffl HcTii5Jl^£?&££-tL » 

i^tsiB ^®ta>fb5r u ^ * ivm 20 

L~cmA~t& . -T § , #3SSt0retiHirie Lfc J; o Hz 
777^-^3 1, 32 ^.ftjfcg^lf Z> * 

Xt-^3L 3 2fcJ:9#^bW»g&K£S!l5gLiR 

7&*3c^§ J; d fcftdtt£B2 2 , ^HggB^M2 3 , 2 
4&tf««8SS2 7, 2 8£koTfSWU^{tSC t# 

T'c* & . o , is 1 nmmmx o fc-Jia^b* 

&fc«k DttiKiitriH^* (Slffi) fc*H=-b*-A(3S 

[0 0 3 6] JbiB#HjSfiM^TRHEED^^i; 

8 <D b - ? 7 b , 8b <7*&J& , mmtfAffiSRTf&fm 

fflffl-ttLtf. #b'-A£-/i$? ^ - h'A 

[ 0 0 3 7 ] & ft, tm&mmMTim&f&SkJimt t 

T#U^A (Ga) #'J7A (Ga) , 7 

7A ( A 1 ) &IM y^A (In) C0 7%<7)1 
a^L<{i2am±^^tK^Cffl^T^^. 
jtfiHJ-CJipHK-^yhfcLT^^^A (Mg) £ 

l(Hg) £JfllrVtfc&<, EfcnSF-^hi: LT 
(Si), ^l^-^A (Ge) s If (C), 
|(Sn) , -fel^y (Se) ifctifvM' (Te) 
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1 0 

* ( S i ) . flMbJf'J^A ( G a A s ) , it» (Z 
nO ) , ( S i C ) afctiBHfcV^S^A 

(Mgo) t&^i,^. mmtm^v^j^mtco 

A ( A 1 N ) ^M-fctf U *7 A ( G a N ) , Mm&COmik 

r;P5-»7A (AiN). afbyu^A <GaN> , m 

mm ( S i C ) BMk3E» ( Z n O ) , ^Ttii^tv^ 
*^»7A (MgO) £KftTfc&V\, 
[0038] 

JSLh^BBtcJ: 3 fc. 

iiaMv^SifcfcJ:"?. ®J± ( 10-7-1 O'Hor 
i-gl) 0^f$>oTi>ffi^^^N°^- ( 5W-3 

oow) xm^y^x^immmmtfn^iihzkfr 

^-r ?» ft***)* v-^^sa^fii*^ ^> ^ jyspk^)^ t- a 
oms&y * - f^'v ^«H»rc# . ^b-A^j^^ 

^ ;HSa<JOfirH* I6j±f s i t s . 

v?*is~^wcommmmz^mmmmmx*&&. 

[03] *HBBt:36^ < m 2 ^)SI5feMt3M(t S 4HF«x 
[04 3 ^Jayy^X^m^tVt r f r^X-^li^a 

1 ^^^s 

2 ^s^s^^^a 

3 

5 b-^ 

6 *4Vi/*r«;$ 
6 a WW 

7. 8 7Z—*zy*z)V 
7a, 8a &Of3T 
7b, 8b t-* 
9,10 




(7) 

1 1 



9a, ioa mmm 2 0 

1 1 mm^mm 2 1 

Ha 2 2 

12 tr-isy? 2 3 
12a *U7a 2 5 
1 3 W#*«teP 2 7 
J. 4 W 2 9 
1 5 ftSfRI&gS 3 0 
1 6 M£E# 3 1 
1 7 10 3 3 
1 8 @fg**y^ 3 5 
19 SJa«3>f/U 
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1 2 

2 4 

2 6 £^*f 

28 t-?nmmm 

RH E edx? y — y 
32 75v?^-^ 

3 4 mfc*^- 

3 6 ismm 



[02] 
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